We only consider the underwater mooring platform (UMP) and the plate moving in the transverse direction, and the plate can be relative to the UMP free rotation. In the case of constant flow rate ( = 1 m/s), the effect of different dimensionless plate length ( / ) and damping value ( ) on the UMP was studied. We get the sample data point set by computational fluid dynamics (CFD) simulation with changing the dimensionless plate length ( / = 0.3, 0.5, 0.75, 1.0, 1.25, 1.5) and damping value ( = 50, 75, 100, 125, 175, 250, 300 (N × s/m)). The optimal value of the vibration suppression rate is obtained by backpropagation (BP) neural network and genetic algorithm. The optimal vibration suppression rate is = 0.9878 and the corresponding variable value is / = 1.0342, = 57.9631 (N × s/m). In order to verify the accuracy of the optimization, we perform the CFD numerical simulation with the optimized parameters and compare the theoretical optimization results with the CFD simulation result. The absolute error between CFD simulation and optimal is only 0.0037. Finally, we compare the results of CFD simulation based on optimal parameter with the bare UMP and analyze their dimensionless amplitude, wake structure, and lift coefficient. It is shown that BP neural network and generic algorithm are effective.
Introduction
The underwater mooring platforms (UMPs) are a class of underwater devices and with an anchor link to work in the sea. UMPs have broad application in both civil and military missions. Pressure, water quality detection, camera and acoustic communication, and other sensors are installed on the platform. It can be used for marine environmental management, resource protection, disaster monitoring, and marine hydrological monitoring in civil areas, and it also can be used for our army surface ships and submarines for remote reconnaissance defense. UMPs require as much as possible to stabilize and impact resistance to ensure that a variety of sensors can work properly. Therefore, in order to improve the stability of the UMP, it is very meaningful to study the vibration suppression control technology of UMP. At present, the research on the characteristics of the UMP is mainly focused on the simulation of the anchor chain and the cable, while the research on the stability of the UMP is especially less. Research on the underwater vibration control is mainly concentrated in the field of offshore riser.
The suppressing method of vortex-induced vibration can be divided into two types: active control and passive control measures. Active control measures are real-time monitoring of flow field changes and structural forces. It is through the automatic technology to disturb the flow filed, which can control the cylinder vortex shedding and finally achieve the purpose of vibration suppression. Passive control measures are to change the flow field by directly modifying the external shape of the structure or other devices attached to the structure. It is to achieve the purpose of controlling the formation and shedding of the vortex. Compared with the active control measures, passive control measures are simple to design, easy to manufacture, and low cost. So it has been widely used in the field of marine engineering.
In this paper, taking into account the stability of the UMP, we have adopted a relatively simple vibration suppression 2 Complexity device-splitter plate which can rotate freely relative to the UMP.
In the previous research literatures, there are many studies of the cylinder with the fixed splitter plate and less research on the splitter plate that is free to rotate behind the cylinder. The majority is to study the effect of fixed dividers on vortex shedding. For the elastic-supported cylinder-splitter plate system, Ding et al. [1] studied the wake characteristics and vortex-induced vibration characteristic of the splitter plate under high Reynolds number, where the length of the splitter plate is the same as the diameter of the cylinder. The results show that, with high Reynolds number, the amplitude of the cylinder with plate dose not decrease (without the effect of suppressing vibration) but increases as the number of Reynolds increases. The vibration frequency is lower than the bare cylinder and the vortex shedding model of cylinder with a splitter plate and a bare cylinder is also different. The inhibitory effect is more obvious as the velocity decreases. Tan et al. [2] carried out a two-dimensional numerical simulation with a splitter plate cylinder and a bare cylinder, and the ratio of the length of the splitter plate to the diameter of the cylinder varies from 0.25 to 2.0 ( / = 0.25∼2.0). The results show that the splitter plate has the most significant effect on the vortex-induced vibration control of the riser when / is 1.0-2.0. Wang et al. [3] performed a two-dimensional computational fluid dynamics (CFD) numerical simulation of the fixed separation plate (variable dimensionless length). When the Reynolds numbers are 1000 and 30000, respectively, changing / = 0.5∼2.0 to simulation can be found to reduce the drag coefficient, lift coefficient, and vortex shedding frequency. This document of Amiraslanpour et al. [4] is used to study the two splitter plate in the upstream or downstream stages of the cylinder. They found the influence of the splitter plate on the drag force of the cylinder. They also studied the effect of the distance from the end of the splitter to the cylindrical surface without much impact on the resistance. When the ratio of amplitude to the cylinder diameter ( / ) was 0.25 and 0.5, respectively, the resistance was reduced by 57% and 36%. Qiu et al. [5] experimentally studied the fixed cylinder with frontal plate, bare cylinder, cylinder with rear splitter plate, cylinder with bilateral plates, and semicylindrical roof. They found that the cylinder with wake splitter plate ( / = 3) can effectively inhibit the vortex shedding, and shear layer was separated on both sides of the plate. Lou et al. [6] experimentally studied the effect of vortex-induced vibration of two adjacent risers with splitter plates and found that the splitter plate on the risers was effectively in suppressing both cross-flow (CF) and in-line (IL). Assi et al. [7] experimented with plain cylinder, cylinder with fixed splitter plate, cylinder with free-to-rotate splitter plate, and cylinder with pairs of plates and studied their vibration amplitude at different reduced speed. The results show that these devices can effectively reduce the resistance and suppress vortex vibration. Assi et al. [8] have mainly studied the stability of a free-to-rotate short-tail fairing and a splitter plate as suppressors of vortex-induced vibration. They studied the rotating (free-to-rotate suppressors in 2-dof) and nonrotating (fixed suppressors in 1-dof) at different reduced speed. It is found that the free-rotating suppressors will be deflected position to remain stable and extend the vortex shedding and suppressing vortex-induced vibration. It is also found that fixed suppressors will show serious gallop in a considerable flow rang of flow speeds. Gozmen et al. [9] and Zhu et al. [10] studied the relationship of different lengths of splitter plate to suppress vortex shedding. Gu et al. [11] studied a fixed cylinder with a free splitter plate, where the ratio of the length of plate to the diameter of the cylinder varied from 0.5 to 6 and the Reynolds number varied from 30000 to 60000. The pressure distribution, drag, lift force, and vortex shedding model are analyzed, and the study finds that the free rotation angle corresponding to the length of the longer plate is smaller. Akilli et al. [12] studied that the influence of factors such as the dimensionless thickness ( / ) on the splitter plate and the distance ( / ) between the end of the plate and the fixed cylinder vortex shedding was studied. The dimensionless thickness of the plate varies from 0.016 to 0.08, and the distance is changed from 0 to 100 (mm) in the step size of 12.5. When / changed from 0 to 1.75, the plate has effect on suppression of the vortex shedding. Law and Jaiman [13] studied four kinds of vibration-proofing devices (fairing, connected-C, disconnected-C, and splitter plate) separately, which the device can not rotate freely relative to the cylinder. It was found that the connected-C device was similar to the effect of the fairing device on vortex-induced vibration. The study also found that the connected-C device and disconnected-C device can effectively prevent the cylinder galloping at high reduced velocity, but the connection between them has little effect on vibration suppression. In [14] , the authors mainly studied the circular cylinders fitted with three different geometries of splatter plate (solid splitter plate / = 0.5, solid splitter plate / = 1.0, and slotted splitter plate / = 1.0). He studied the response of the different vibration mechanisms of the three devices with varying reduced speeds.
With reference to the above-mentioned latest literature, there are few studies on the splitter plate parameters and the splitter plate which are rotated relative to the cylinder. So in this paper, I mainly studied the effect of the length of the splitter plate that can rotate freely around the cylinder and the damping values between the splitter plate and the cylinder on the vibration suppression technique of the UMP.
For some complex numerical simulation, if we all use CFD simulation solution, then we will greatly increase the calculation of cost and the calculation cycle. Therefore, in order to improve the computational efficiency, this paper establishes an optimization method based on the combination of CFD and backpropagation (BP) neural network and genetic algorithm. BP neural network and genetic algorithm are used at some of the nonlinear data to find the optimal value [15] [16] [17] . Adaptive control [18, 19] in the neural network has also been a very good application. Safikhani et al. [20] have studied the multiobjective optimization of nanofluid flow in flat tubs, combined with a CFD, artificial neural networks, and genetic algorithms. They got important design information about nanofluids and flat tubes by combining CFD, GMDH, and THE multiobjective optimization method. Avci et al. [21] studied the optimization of the deign parameters of a home refrigerators using CFD and artificial neural network. This paper shows that CFD simulation and the ANN can determine the best value for the refrigerator design. So we can combine CFD simulation and BP neural network genetic algorithm to optimize the best vibration suppression rate. Through the use of CFD simulation software, we can get some data about vibration suppression rate, finally combined with BP neural network genetic algorithm to find the best suppression effect and the corresponding dimensionless plate length and damping value size.
Geometry Configuration
One end of the cable is tethered on the UMP and the other end is fixed under the sea, so that the UMP is floating in the sea. Some sensor can not work properly, because the ocean flow easily leads to the vortex-induced vibration. Inspired from the above research, we installed a splitter plate in the wake area of the UMP, in which the splitter plate can freely rotate around the UMP. As shown in Figure 1 , (a) is the overall diagram of the UMP, and (b) is a schematic diagram of the splitter plate for rotation. The vortex shedding process alternates on both sides of the UMP and will produce vortex-induced vibrations because of the UMP generated periodic pulsating forces. So, we designed a rotatable splitter plate to extend the process and achieve the effect of vibration suppression. In this paper, we mainly focus on evaluating the wake structure, force, motion (the UMP only moves in the transverse direction with a degree of freedom, and the splitter plate is rotated relative to UMP), and the transverse amplitude at different design parameters with a CFD method.
Because the two-dimensional model requires less grid and shorter calculation time, the general vortex-induced vibration numerical simulation is based on two-dimensional numerical simulation. A simplified two-dimensional (2D) model of UMP with a splitter plate is shown in Figure 2 . The parameters indicated in Figure 2 that represents the velocity of the upstream flow;
represents the length of the plate; represents the distance between the root of the plate and the center of the UMP; represents the rotation angle of the plate; 1 represents the spring stiffness between the plate and the UMP; represents system damping; represents diameter of the UMP and ℎ represents the height of the plate; 2 represents the simplified spring stiffness between the UMP and the cable. Where 2 is derived from (1), 2 = 1599 (N/m) value is the constant value in this paper.
In this paper, we set the distance between the center of the UMP and the root of plate = 0.3 (m) and the diameter of the cylinder is = 0.533 (m). A typical flow velocity of = 1 m/s is selected for all simulations in this paper.
The specific values of each parameter are shown in Table 1 . 
Governing Equations and Turbulence
Model. In this paper, the numerical simulation of the calculation medium is incompressible viscous fluid and does not take into account the temperature changes. So it belongs to the unsteady flow. The governing equations include continuity equations and momentum equations, as shown as follows:
where represents the velocity of the fluid in the direction; represents the fluid density; represents the kinematic viscosity coefficient of the fluid; , represent the direction of the different axes.
At present, the turbulence model commonly used in computational fluid dynamics mainly includes Reynolds stress model and viscous vortex model. The Reynolds stress model is a direct complement to the equation that expresses the Reynolds stress equation to solve the time-averaged motion control equation. The vortex model is the assumption that the turbulence viscosity and the vorticity coefficient are introduced to supplement the Reynolds stress tensor − and (3) can be seen.
where represents turbulent vortex viscosity coefficient; represents turbulent kinetic energy, in which
The SST -model combines the advantages of themodel and the -model, namely, the advantages of the boundary layer problem and the superior field calculation. Using the SST -turbulence model to numerically simulate the vortex-induced vibration problem is more accurate, so this paper uses the SST -model to carry out numerical simulation.
Equations of Motion.
The dynamic equation of the plate which can freely rotate around the UMP can be obtained by a typical mass-spring-damper system and be presented as
where is the total rotational inertial of the plate; is the system damping, 1 is the stiffness of the spring, is the oscillating angle of the plate, and ( ) is the hydrodynamic force on the plate. The total rotational inertial ( ) is the sum of the plate structure rotational inertial ( ) and the added mass component ( ). and can be calculated by following equation, respectively:
where feature is the feature length of the UMP and plate, feature = 1 m; plate is the density of the plate; ℎ is the height of the plate; represents the distance between the root of the plate and the center of the UMP;
represents the length of the plate; water is the density of the water.
The vibration equation (1-dof) of the UMP only in the transverse direction can be obtained by the mass-spring stiffness system and be presented as
where is the total mass of the UMP which is sum of the total mass of the UMP ( 1 ) and the total mass of the plate ( 2 ). The above 1 is the sum of the additional mass of the UMP ( add(UMP) ) and the mass of the UMP itself ( itself(UMP) ); 2 is the sum of the additional mass of the plate ( add(Plate) ) and the mass of the plate itself ( itself(Plate) ). Since the angle of the freely rotating plate is small, the additional mass of the plate ( add(Plate) ) is approximately calculated as a cylinder with a diameter equal to its length. As shown in formula (10). 2 is the equivalent stiffness between the cable and the UMP, which can be obtained from formula (1) . is the total lift of the whole system that is the sum of the cylinder lift of the cylinder lift and plate lift. ,, and̈are the displacement, velocity, and acceleration in the y direction (transverse vibration direction).
where feature is the feature length of the UMP and plate, feature = 1m; water is density of the water, water = 1000 kg/m 3 ; is an additional mass factor, = 1; is the density of the plate, = 2700 kg/m 3 . In order to eliminate the dimensional effects, the lift, drag, and torque are also normalized, and the natural frequency of the plate is shown in (14) .
3. Numerical Approach
Computational Domain and Boundary Conditions.
A rectangle with a length of 45 and a width of 30 is used as the computational domain of this paper. As shown in Figure 3 , it can be seen from the figure that the center of UMP is placed at a distance from the left boundary of the computational domain to 15 and on the symmetry axis of the of the top and bottom boundary. The overall domain is split into seven subdomains, including two external static domains, two dynamic domains for updating the grid with layering method [22, 23] , two inner stationary domains 5 and 6, and an oscillating domain. This inner stationary domain 7 contains the cells around the UMP. The rotation domain where the plate is located is divided by two sliding interfaces in two inner stationary domains (domain 5 and domain 7). The stationary domain 5 has two upper and lower moving boundaries for the grid update. The grid updating domain (domain 3 and domain 4) and the inner entire UMP motion domain (domain 5, domain 6, and domain 7) are divided by an external stationary domain (domain 1 and domain 2).
The following is a description of the boundary conditions:
(1) inlet: set the uniform and steady flow of incoming speed 1 m/s; the corresponding Reynolds number is 533000; (2) outlet: outflow exit boundary conditions; (3) interface: the overlapped edges between the seven domains are set as interfaces; (4) wall: the surface of the UMP and the plate are set to no slip boundary conditions, whereas the top and the bottom edges are set to slip boundary conditions.
Mesh Generation.
The entire computational domains are a quadrilateral mesh cell. It is worth nothing here that the rigid boundary layer must be added to the surface of the UMP and plate which the boundary layer grid moves with the UMP and plate and is stable and the shape no longer changes to provide sufficient precision. The first layer height of the boundary layer is determined according to the value of + which is suggested by Fluent User's Guide [24] for the use of the SST k-turbulence model. So here set the first layer height as 0.0002 m, and UMP and plate boundary layer were set to 16 layers and 12 layers. Figure 4 shows the mesh graph for the entire computational domains. Figure 5 shows a mesh diagram of UMP and plate. The oscillating domain rotates about the center of the UMP and rotates along the interfaces, and the mesh of the rotation domain does not change and update.
Mesh Independence, Numerical Method, and Time Step Validation

Mesh Independence Validation and Numerical Method
Validation. Using the CFD numerical simulation, the meshing and time step have a significant effect on the results. A mesh independence verification study is conducted using three grids with different nodes densities (41000/66900/ 97000 elements). The mesh verification is carried out by means of a fixed cylinder and not rotating the plate ( 1 = ∞, 2 = ∞, = ∞, and = ). The independence of the mesh is verified by assessing the root mean square (RMS) of the lift coefficient and the mean drag coefficient for different mesh densities. The results are summarized in Table 2 . Both and have the good consistency for different mesh densities. Accordingly, the mesh with medium density can predict the performance with sufficient accuracy and will be used in the later simulations. Some of the previous experiments have been done on the study of the splitter plate in the wake of a cylinder. In order to prove the validity of the numerical method, we use CFD to simulate a 1-degree-of-freedom vortex-induced vibration with a cylinder and then compare the numerical results with the experimental data. The testing parameters adopted in the validation simulations are the same with the experiments and are listed in Table 3 . Figure 6 shows the comparison of the amplitude and frequency response between the numerical and the experimental results. It is observed that the VIV amplitudes obtained from the numerical method are in good agreement with the experimental data and the lock-in of amplitude (corresponding to the upper branch) is well characterized, except a slightly overestimate at high flow velocities. As for the frequency, the numerical results coincident with the experimental results well. Therefore, comparison with experiments shows that the numerical method is quite credible and acceptable.
Time
Step Validation. In this paper, the numerical simulation parameters of the time step verification are the same as the simulation parameters of this paper. We just simulate the flow of the fixed cylinder with a plate to verify the time step. We carry out the numerical simulation with the dimensionless plate length 1. The time step is 0.001, 0.002, 0.005, 0.01, and 0.02. We validate the effective time step by referring to the root mean square (RMS) and the mean drag coefficient at different time steps. This will not only get accurate results but also improve the efficiency of computing. The results are summarized in Table 4 . The lift coefficient curve is shown in Figure 7 . Table 4 and Figure 7 show that, in the premise of ensuring the accuracy of the calculation, while improving the efficiency of the calculation, we choose 0.005 as the time step of this paper.
Numerical Simulation
Numerical Simulation Conditions.
In the whole numerical simulation of this paper, we mainly study the effects of plate length and damping (damping between UMP and plate) variation on the UMP amplitude. In addition, the thickness of the plate and the front of the plate to the center of the UMP ( ) also have a certain impact on the vibration suppression rate. In order to reduce the amount of calculation, we set the plate thickness and distance ( ) as a constant. Other related numerical simulation parameters are ( = 0.5, natural frequency of the plate), ℎ (ℎ = 0.002 m, height of the plate), and 2 = 1599 (N × s/m) (as can be seen from (1)). Equations (6), (7), (8) , and (14) show that when we change the plate length, the total moment of inertia of the plate also changes with (6), (7), and (8). The spring stiffness of the plate changes with the total moment of inertia of the plate is also obtained by (14) . All case calculations, the density of the mesh, and time steps are all the same. Here we chose the plate length data / = 0.3, 0.5, 0.75, 1.0, 1.25, and 1.5 and damping data 50, 75, 100, 125, 175, 250, and 300 (N × s/m). The range of each variable is shown in Table 5 . 
Numerical Simulation Results.
In this paper, the influence of dimensionless plate length ( / ) and damping ( ) on the vibration of UMP is studied under the condition that the other parameters remain unchanged. We firstly simulate the vortex-induced vibration of a bare cylinder under the same computational simulation conditions. We compare the vibration amplitude, lift coefficient, and drag coefficient of the bare cylinder with the cylinder with the plate. The parameter of the study, the amplitude of the vibration ( ), the dimensionless amplitude ( * ), and the suppression rate are shown in Table 6 . Here it is the dimensionless amplitude * which is the ratio of the actual amplitude to the diameter of UMP. Through Table 6 , study found that when the dimensionless plate length ( / ) is 0.3 and the damping value ( ) is greater than 75 (N × s/m), the UMP does not show the effect of vibration suppression but increased the vibration amplitude.
From the finite discrete parameter data point, we can see that the amplitude of the UMP is the smallest when the dimensionless plate length ( / ) is 1.25, the damping ( ) is 175 (N × s/m), and the maximum suppression rate ( ) is 0.979676. The effect on the suppression vibration achieves the best results. 
Optimal Design Method
For the unknown nonlinear function, it is difficult to accurately find the extremum of the function only through the input and output data of the function. This kind of problem can be solved by BP neural network and genetic algorithm.
The nonlinear fitting ability of BP neural network and the nonlinear optimization ability of genetic algorithm are used to find the extreme value. For some complex numerical simulation, if we all use CFD simulation solution, then we will greatly increase the calculation of cost and the calculation cycle. Therefore, in order to improve the computational efficiency, this paper establishes an optimization method based on the combination of CFD and BP neural network and genetic algorithm. The optimization method is to obtain the sample point of the data by CFD simulation and then use BP neural network to establish the agent model between the influencing factors and the response value. Then the genetic algorithm is used to solve the optimization model, and the optimal problem is obtained solution.
BP Neural Network.
BP neural network is a kind of multilayer feedforward network with error backpropagation, which has very strong nonlinear mapping approximation ability and is the most widely used neural network. BP neural network is mainly through the input data for network training, finally establishes a mapping relationship, and then does network prediction output. The neural network is widely used, for example, in the motion control of an underactuated wheeled inverted pendulum model [25] and robotic selfidentification for surrounding obstacle [26] . The topology of BP neural network is shown in Figure 8 . The structure has two input layers nodes, five hidden layers nodes, and one output layer node. Each node of the structure represents a neuron, and the nodes between the layers and the layers are connected by weights. The following is the working principle of BP neural network.
(1) Network Initialization. According to CFD simulation results, determine the network input data and output data ( , ) . is the data matrix of the hidden layer, as can be seen in
where is number of input nodes; is the number of output nodes; is number of hidden layer nodes; is number of training samples. This paper is equal to 2, is equal to 1, is equal to 5, and is equal to 32.
(2) The Output of the Hidden Layer. According to the input vector , the output ℎ of the hidden layer can be calculated, as can be seen in
where is the connection between the input layer and the hidden layer weight and is the threshold of the hidden layer nodes. ( ) is the activation function of the hidden layer which is shown in
(3) The Output of the Output Layer. Based on output 3 of the hidden layer, the prediction output of BP neural network is calculated, as shown bŷ
wherêis the connection weight between the hidden layer and the output layer and is the threshold of output layer nodes.
(4) Error Calculation. According to the network forecast output̂and the expected output , then calculate the network prediction error , as shown by 
where is the learning efficiency of BP neural network.
(6) Threshold Update. The threshold is updated according to the network prediction error ( ), as shown in
Determine whether the iteration is over; if not, return to step (2) . It is noted that all the iterative processes of the BP neural network have a mean square error (mse), as shown in (22) . In addition, the average accuracy of the prediction ( ) is defined by Kreith et al. (2000) [27] and Wang (2000) [28] . In other words, represents the goodness of fit, which is used to measure the correlation between prediction output data and training samples data. The closer it is to the value of 1, the better the training network.
where is the number of output nodes; is number of training samples. 
Genetic Algorithm Optimization.
Genetic algorithm is a computational model of the biological evolution process of the simulation genetic mechanism. It is a method to search the optimal solution for the feasible solution of the problem. It has strongly global optimization ability. In the genetic algorithm, we will be the individual of each population as a solution to the problem, that is, chromosomes. Genetic algorithm in MATLAB in the operation process is as follows:
(1) First, we initialize the population and then calculate the fitness value. Finally, we look for the best chromosome from the initial population, which is the solution to the problem. (2) Iterative optimization is as follows:
(a) Select: first, the solution to the problem is encoded by using the floating-point encoding. This function selects the chromosomes in each generation population for subsequent crossover and mutation. The method used is the roulette selection method. (b) Crossover: this function is a random selection of two chromosomes, according to the crossover probability of determining whether the cross and the cross position are also random. (c) Mutation: this function performs the mutation operation. The mutation chromosomes and mutated positions are randomly selected. Finally, it will check the feasibility of chromosomes; otherwise, it will be recompiled. (d) Result analysis.
After several generations, there is an optimal solution to the problem in the population. The establishment of BP neural network's approximate model and the numerical optimization of the genetic algorithm are shown in Figure 9 [29]. Table 6 , this paper has obtained 33 sets of data by CFD simulation. Through these sets of data, we can analyze the influence of dimensionless plate length ( / ) and damping ( ) on the amplitude of vibration of UMP, as shown in the three-dimensional Figure 10 . The -coordinate of the threedimensional figure represents the change of the dimensionless plate length ( / ), the -coordinate represents the change of the damping value ( ), and the -coordinate represents the vibration suppression rate ( ). In addition, it corresponds to the two-dimensional contour line as shown in Figure 11 . From these two graphs we can get the effect of the change of dimensionless plate length ( / ) and damping value ( ) on the vibration suppression rate ( ). We summarize the following rules.
Analysis of Vibration Suppression Rate of CFD Simulation Results to the UMP
Vibration Amplitude Analysis. As is shown in
(1) On the whole, when the damping value is constant, the effect of the dimensionless plate length ( / ) on the UMP is increased first and then decreases with the increase of the dimensionless plate length ( / ). When the damping values ( ) are at 50, 75, 100, 125, and 175 (N × s/m), respectively, the result of the vibration suppression of the UMP is most obvious, reaching more than 0.9 with the change of the dimensionless plate length ( / ) from 0.75 to 1.25.
(2) When the dimensionless plate length ( / ) is 0.75, the suppression rate ( ) dropped from 0.955698 to 0.671616, with the damping value ( ) changing from 175 to 300 (N × s/m). When the dimensionless plate ( / ) is 0.3, the vibration suppression rate ( ) drops to a negative value, which indicating that it will not suppress the vibration of the UMP in this case. In the dimensionless plate length ( / ) at 0.3, 0.5, 0.75, and 1.0, respectively, the vibration suppression rate ( ) decreases with the increase of the damping value, but it is increasing when the dimensionless plate length ( / ) is 1.5. When the dimensionless plate length ( / ) is 1.25, the vibration suppression rate ( ) increases first and then decrease with the increase of the damping value, and the maximum vibration suppression rate ( ) is 0.979676.
(3) In these data, when / = 1.25, = 175 (N × s/m) is the best data point of the UMP vibration suppression. Its vibration suppression rate ( ) reached 0.979676.
Analysis of Lift Coefficient and Drag Coefficient.
We study the two different parameters separately and discuss the variation law of the lift coefficient and the drag coefficient of a parameter to the whole UMP, respectively. It should be noted here that the lift coefficient we are studying is the total lift coefficient of whole system. As the drag coefficient of the plate relative to the cylinder drag coefficient is very small, we ignore the plate drag coefficient and the cylinder drag coefficient approximation as the whole system drag coefficient. In order to clearly characterize the force of the whole system, we chose the root mean square (RMS) of the lift coefficient and the averaged drag coefficient in the following study.
(1) Influence of Dimensionless Plate Length on Lift Coefficient and Drag Coefficient. Figure 12 shows the variation of the total lift coefficient between different damping values as the dimensionless plate length increases. At the same time, we compare it with the lift coefficient of the bare cylinder.
As can be seen from figure, overall, in the case of the same damping value, the RMS of total lift coefficient decreases first and then increases gradually with the increase of the dimensionless plate length. It can be seen that when the dimensionless plate length is from 0.5 to 0.75, the RMS of total lift coefficient sharply is down from about 0.6 to about 0.15. When the dimensionless plate length is 0.75, 1, 1.25, and 1.5, their RMS of total lift coefficient are less than the bare cylinder. And we can see that the damping value is 175 (N × s/m) and the dimensionless plate length is 1.25 when the RMS of total lift coefficient is the smallest.
As can be seen from Figure 13 , all the mean drag coefficient of the cylinder is less than the bare cylinder. The drag coefficient is reduced with the increase of dimensionless plate length. When the dimensionless plate length is 0.75, 1.0, 1.25, and 1.5, the larger the damping value, the smaller the mean drag coefficient, but the opposite when the dimensionless plate length is 0.3 and 0.5.
(2) Influence of the Damping Value on Lift Coefficient and Drag
Coefficient. Figure 14 is a graph showing a corresponding changes in the RMS of total lift coefficient when the damping value is increased. It is clear from Figure 15 that the RMS of total lift coefficient is much larger than that of the bare cylinder when the dimensionless plate length is 0.3 and 0.5 over the entire damping value change region. The remaining dimensionless plate length is less than the bare cylinder or close to it. In the range where the damping value is greater than 100, the RMS of total lift coefficient of the dimensionless plate length equal to 1.25 is smaller than that of the other dimensionless plates, and when the damping value is 175 (N × s/m), the RMS of total lift coefficient is minimized and the minimum value is 0.048405. The dimensionless plate length 0.75 is relatively variable, and when the damping value is 50 and 75, the RMS of total lift coefficient is the smallest compared to the other dimensionless plate length. When the damping value changes from 175 to 250 (N × s/m), the RMS of total lift coefficient increases dramatically.
In Figure 15 , we can see that the mean drag coefficient of the bare cylinder is the largest compared with the all dimensionless plate length when the damping value increases. The mean drag coefficient of the dimensionless plate length of 0.3 and 0.5 increased gradually as the damping value increases. However, the remaining dimensionless plate length is reduced. The longer the dimensionless plate length is, the smaller the mean drag coefficient in the region of the global damping range will be.
Through the above analysis, we can get the following conclusions.
(1) When the RMS of total lift coefficient of the entire system is less than the RMS of lift coefficient of the bare cylinder, the vibration suppression effect is obvious, and the vibration suppression rate is more than 0.9.
(2) The mean drag coefficient of the cylinder with the plate is smaller than the bare cylinder. That is to say, the plate can reduce the drag force. and the damping value is 175, the plate has the best effect of suppressing the vibration of the UMP. So we chose the case to analyze its vortex pattern and vortex shedding. Vortex shedding patterns can refer to the literature of Williamson and Roshko (1988) [30] , and there are 2S, 2P, and 2T.
As can be seen from Figure 16 , the graph is a contours of vorticity with a dimensionless plate length of 1.25 and a damping value of 175 (N × s/m). The contour of vorticity shows that its structure is a typical 2S vortex pattern. This shows that the plate for the UMP wake region has a certain impact. The shear layer is then extended to the tip of the plate. Figure 17 is a description of the interval of (1/4) cycles and then draws the different interval cycle contours of vorticity and pressure. As can be seen from the figure, the plate prevents the interaction between the shear layers. The vortex shedding extends from the surface of the cylinder to the wake end of the plate. So that the pulsating force on the cylindrical surface is weakened. As can be seen from the vorticity cloud, the vortex is moving from the root of the plate to the tip. On the sides of the plate there is always only one vortex, one vortex is at the same time as the tip of the plate, and the other vortex is formed at the root of the plate. From Damping value 100
Damping value 125
Damping value 175
Damping value 250
Damping value 300
The bare cylinder
The dimensionless plate length the pressure cloud shows that the vortex of the cylindrical surface can not fall off the rear surface of the cylinder for the presence of the partition plate but is extended to the tip of the partition plate. At this time from the figure can be seen, the cylindrical surface of the back pressure on both sides is difficult to change. It was changed significantly at the end of the board, and the pressure on the surface of the cylinder was The bare cylinder observed to be opposite to the pressure of the plate. This helps to reduce lift.
Neural Network and Genetic Algorithm Optimization
Neural Network Training
(1) Selection of Sample Data. In this study, we use MATLAB software as a neural network and genetic algorithm optimization platform. First, we have to select the reasonable sample data points. As can be seen from Table 6 , the suppression rate of the third to eight data is negative. This situation does not achieve the effect of vibration suppression; it can not be used as the optimization of data points. The first group is bare cylindrical data, so it can not be used as an optimized sample point. Among them, we use random 19 sets of data for training fata, the remaining 13 sets of data as test data.
(2) Network Model Establishment. From Figure 7 we can see that we use 3-layer neural network to process 32 sets of data, and the number of hidden layer take 5.
(3) Network Training. We set the target error of the network (net.trainParam.goal) to 0.000004, the learning rate (net.trainParam.lr) to 0.1, and the number of training steps (net.trainParam.epochs) to 100. At the same time, we set the mean squared errors (mse) as a performance function. According to the above settings, the training of BP neural network is carried out until the training network meets the intended target. As a result, the prediction of the BP neural network is shown in Figure 18 . As can be seen from the figure, the training network is very close to the date. Table 7 shows the comparison of the neural network prediction output with the test sample data points. The maximum absolute error between them is 0.164798081 and the minimum relative error is 0.191199 percent. We can get the relative error in the range of 0.191199 to 228.074937 percent. What needs to be explained here is that we can see that the predicted output data is negative, indicating that the condition does not play the role of vibration suppression but contributed to the vibration. So it is possible that a negative suppression vibration rate with the lower vibration suppression rate in the sample data appears. So its relative error is very large, reaching 228.074937 percent. Figure 19 shows the performance of the neural network. This figure shows that the Validation Performance is 5.0799 − 5 at epoch 8, and it has been very close to our target error of the network. Figure 20 shows the regression analysis of the BP Best validation performance is 5.0799e − 05 at epoch 8 Figure 19 : The performance of the neural network. neural network. As can be seen from the figure, the training set, the validation set, and the test set of complex correlation number ( ) are very close to 1. It is shown that the constructed BP neural network has high prediction accuracy.
Genetic Algorithm Optimization.
Then we use the genetic algorithm to optimize the previously trained BP neural network. The suppression rate of the UMP is taken as the fitness. The fitness curve calculated by the genetic algorithm is shown in Figure 21 As can be seen from Figure 21 , when the iteration to the beginning is very fast convergence, the optimal fitness value ( ) tends to be stable, and its value is 0.9878. At this time we can get an optimized optimal vibration suppression rate ( ) as well as the corresponding dimensionless plate ( / ) length and damping value ( ). They are = 0.9878, / = 1.0342, and = 57.9631 (N × s/m), respectively. The comparison data are shown in the Table 8 . Optimization before and after the data comparison shows that the suppression rate increased by 0.82925.
CFD Validation
In order to verify the accuracy and validity of BP neural network and genetic algorithm optimization results, we have obtained the optimization results and verified the optimized results with FLUENT 15.0 numerical test method. At the same time, we must guarantee the same simulation conditions as this article to carry out CFD simulation. The final simulation results are shown in Table 9 .
As can be seen from Table 9 , the results of BP neural network and generic algorithm optimization are closed to those of CFD simulation, and the absolute error is only 0.0037. It is shown that the BP neural network and generic algorithm are effective. We also found that the results of the vibration suppression rate optimized by the BP neural network and generic algorithm ( = 0.9878) are larger than = 0.979676 of the samples we use, reaching the highest suppression vibration rate. Similarly, the vibration suppression rate is = 0.9841 under the CFD verification with the optimal parameters ( / = 1.0342, =57.9631 (N × s/m)), which is also the maximum of the sample data. This shows that the BP neural network and generic algorithm can be based on our objective function (vibration suppression rate) to optimize the parameters to achieve the optimal value.
Comparing the Result of Bare UMP and CFD Simulation
Based on Optimal Parameters. We compare the results of the analysis of bare UMP and CFD simulation based on optimal parameters, mainly for dimensionless amplitude, wake structure, and total lift coefficient.
(1) Dimensionless Amplitude. As shown in Figure 22 , it is clear that the dimensionless amplitude of the UMP with plate ( / = 1.0342) is much smaller than that of the bare UMP. (3) Wake Structure. As shown in Figures 24 and 25 , they are the vorticity cloud images of bare UMP and UPM with / = 1.0342, respectively. We only selected the four points to show vorticity cloud images. It was observed that the plate changed the wake structure pattern of the UMP, and the wake structure pattern changed from the 2P mode of the bare UMP to the 2S mode of the UMP with the plate. The interaction of the shear layer is prevented by the plate. The plate extends the vortex shedding, as the vortex is removed from the UMP and reattached to the plate.
Figures 26(a) and 26(b) are a pressure cloud with the same position as the above vortex cloud. The overall can be seen in Figure 26(a) , and the bare UMP's wake region pressure changes significantly. At this point, the front portion of the bare UMP by the pressure distribution is not uniform. So it produced a relatively large lift. On the contrary, in Figure 26 (b), the pressure on both sides of the plate behind the UMP has not changed greatly, because the vortex is extended to the tip of the plate to shed in the wake region of the UMP with the plate. 
Conclusion
Under the action of current flow, the UMP suspended in seawater will undergo vortex-induced vibration, so that it can lose its value. In this paper, we studied the effect of splitter plate on the vibration of the UMP. The main parameters of the plate are the dimensionless plate length ( / ) and the damping value ( ) between the UMP and plate. For us to use CFD numerical simulation of the UMP vibration, it will increase the calculation cost and time with the more situations. So, we consider using BP neural network and generic algorithm to optimize these two parameters in order to minimize the vibration of the UMP. For this study, the following conclusions can be drawn.
(1) We selected 38 sample data points for CFD simulation and extracted the results. From the finite discrete parameter data point, we can see that the amplitude of the UMP is the smallest when the dimensionless plate length ( / ) is 1.25, the damping ( ) is 175 (N × s/m), and the maximum suppression rate ( ) is 0.979676. The effect on the suppression vibration achieves the best results. When the dimensionless plate length is 0.3 and 0.5, regardless of the fact that the damping value is how much, its vibration suppression effect is poor and may increase the vibration amplitude. The vibration suppression effect is better in the dimensionless plate length of 0.75 to 1.5, and the best damping ranges vary with dimensionless plate length.
(2) We use MATLAB software as a neural network and genetic algorithm optimization platform. First, we selected the appropriate 32 sets of data as an optimized variable and the suppression rate as the objective function for BP neural network and genetic algorithm. The optimization results show that the optimum suppression rate is 0.9878, and the corresponding dimensionless plate length ( / ) is 1.0342 and the damping value ( ) is 57.9631 (N × s/m). (3) In order to verify the accuracy of the optimization, we perform the CFD numerical simulation with the optimized parameters and compare the theoretical optimization results with the CFD simulation result. As can be seen from Table 9 , the results of BP neural network and generic algorithm optimization are closed to those of CFD simulation, and the absolute error is only 0.0037. It is shown that the BP neural network and generic algorithm are effective.
Through the study of this paper, we obtained the parameter value when the vibration suppression effect is the best by BP neural network and genetic algorithm and CFD validation.
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